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I . INTRODUCTION 



The logistic system concept and the technology of 
logistics have made remarkable progress and also gained 
substantial attention among business executives during the 
last two decades. Also, the systems approach in looking at 
logistics has been recognized within industry and through- 
out the business world. Logistics is now considered to be 
a productive functional area that can be managed to increase 
the profitability of a company. 

Traditionally, in their effort to reduce cost and improve 
profit, businessmen concentrated their effort on the manu- 
facturing part of the enterprise. Production techniques 
were constantly improved; however, the efforts to reduce 
costs within the field of production have in many companies 
reached a point where relatively little can be gained. 
Consequently, business managers now turn their attention to 
the non-manufacturing operations of their business in their , 
cost reducing efforts. Those operations will include func- 
tions such as procurement, transportation, warehousing, 
inventory control and materials handling, all of which are 
considered integral parts of logistics. 
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Also in non-profit oriented organizations like the 
Royal Norwegian Navy (RNON) , the logistics function has 
become a major part of the activity, both in terms of scale 
and importance. A well organized and properly managed 
logistic system is essential for the operational units in 
order to carry out their functions. 

The systems approach in looking at logistics involved 
designing it and managing it as a whole, rather than as a 
series of discrete, independent functions. If their inter- 
dependence and interrelationships are not recognized, sub- 
optimization will often occur with a resulting reduced 
efficiency and overall results for the organization. 

One way to avoid the above and to improve the way of 
thinking and the organizational performance would be to 
inform and educate the members of the organization about 
existing theories and ideas within the field. The logis- 
tics part of this thesis is intended to be one tool to 
achieve this . 

» 

Foreign Military Sales (FMS) have become a growing 
function within the Naval Material Command, RNON. Since 
the Fleet Construction Program of 1960, which was in part 
funded by the United States, Grant Aid given under the 
Military Assistance Program, has been substituted by FMS. 
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In order to make an efficient use of the FMS option in 
providing logistic support for the RNON, an overall knowledg 
and basic understanding of FMS' historical development, its 
organization and procedures are important. It is the impres 
sion of the author, that the field of FMS is too little 
studied and inadequately understood within the RNON. To 
include some discussion of it in this thesis might serve 
as a means to increase the general interest and stimulate 
further studies into the various aspects of FMS. 

The U.S. Navy's and the RNON's FMS organizations, and 
the functions they perform can readily be compared to and 
placed within the framework of a logistic system. Even if 
the FMS-system seems to function satisfactorily, it might 
be useful to make an evaluation of it with a view to 
theories suggested by a theoretical framework. Weaknesses 
with the system might in this way be discovered or one can 
get a confirmation that theory and practice are matching 
each other. 
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II. THESIS INTENT 



The purpose of this thesis will be to provide a source 
of general information about the logistic system concept 
and show how this can be related to Foreign Military Sales 
from the U.S. Navy to the Royal Norwegian Navy. It is also 
the purpose to identify problem areas within the FMS- 
organization or areas within which improvements might seem 
possible. 

The evaluation of the FMS -system will be based on the 
theoretical concept of a logistic system presented in 
Chapter III. It will also be based on findings made during 
research and study of the existing FMS -system and on the 
author's personal experience as a customer of the system. 

The development of the logistic system concept in Chapter 
III was made within the context of an industrial firm. Mili- 
tary organizations like the U.S. Navy and the RNON will have 
different goals and objectives than those found in a private 
company. Special requirements and priorities will put 
different demands on a military logistic system than what 
will be the case in private industry. Consequently, the 
theoretical framework as presented in the following chapter 
cannot be adopted without critical evaluation and necessary 
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modification in order to meet the military requirements. 
Realizing this limitation, comparisons between the FMS- 
system and the Logistic System Concept will only be made 
when applicable,. 

It should be pointed out that it is not the intention 
or the purpose of this thesis to find causes of problems 
that might exist or suggest solutions. It is however the 
hope that some of the problem areas identified will be 
made subjects for further studies in order to find causes 
and propose solutions. 

The thesis will be constructed as follows: 

Based on a survey of current literature, a conceptual 
framework for a logistic system will be developed. 

Next, the current organization for FMS within the U.S. 
Navy and the Royal Norwegian Navy, the existing routines and 
procedures will be described. An example of the flow of a 
typical FMS case will be included. 

Finally, an evaluation of the existing FMS system will 

i 

be made and problem areas identified. No ranking of problems 
in terms of severity will be attempted. 

Potential readers of this thesis are assumed to include 
members of the RNON organization. 
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III. THE LOGISTIC SYSTEM CONCEPT 



A. INTRODUCTION TO LOGISTICS 

Logistics can be defined as the physical movement of 
goods from source of supply to final sale to customer and 
the associated handling and holding of such goods at various 
intermediate storage points. (2, p. 4) Logistics would 
include such functions as purchasing, inventory control, 
warehouse operations, materials handling and transportation. 

For the purpose of classification, logistics can be 
divided into two main subsets of activities, physical supply , 
and physical distribution . Physical supply , often also 
called materials management, includes the movement and 
storage of raw materials and/or semi-finished products from 
source of supply to the point of manufacturing. (3, pp. 4-5) 
Physical distribution on the other hand, includes all activi- 
ties involved in movement and storage of finished goods from 
the end of the production line to the customer. (7, p. 28) 
Refer to Figure 1 for a pictorial presentation of this 
classification. Figure 1 also shows the activities normally 
considered included in each subset of logistics. 

It should be noted that the movement of materials from 
the supplier to his customer is physical supply from the 
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customer's point of view, but physical distribution for the 
supplier. Consequently, both physical supply and physical 
distribution is accomplished by the performance of a common 
set of activities dealing with demand and supply coordination 
and movement control. 

B. LOGISTICS AND UTILITY CREATION 

Utility can be defined as addition of economic value to 
a product. Different kinds of activities performed in a 
company create different kinds of utilities in the company's 
product. These different kinds of utilities and their 
creation may be classified as shown in Figure III-2. 




Figure III-2. Fundamental Utility Creation. (3, p. 25) 
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Form utility is created in the production department by the 
design and general physical appearance given to the product. 
The creation of possession utility is mainly being done by 
the marketing side of the firm. Through contact with the 
market, promotional efforts increase the desire or call 
latent desire to mind in the customer, to possess a good 
or benefit from a service. ( 7 , p. 11) Logistics create 
time and place utilities in goods and services. Place utility 
is created primarily by transportation, time utility primar- 
ily by inventory maintenance, and the strategic location of 
goods and services. To some extent, transportation may 
also play a role in time utility creation by quicker move- 
ment of some goods to a point of demand. An example would 
be the use of air transportation as a substitute for 
warehousing. 

C. LOGISTICS - THE CONCEPTUAL FRAMEWORK 

The existing literature within the field of logistics 
differ to a great extent in the way of looking at a logistic 
system and how to approach it for the purpose of study and 
presentation. 

One approach would be to consider the logistic system 
to be composed of two basic elements, namely fixed points and 
a transportation network . The fixed points may vary in 
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number from two to several thousand, depending on the size 
and nature of the business. These fixed points are connected 
by a transportation network, in which the goods are moving, 
in contrast to the fixed points where it is stopped. The 
functional activities being performed at the fixed points 
include for instance storage, management and inventory con- 
trol of finished goods, raw materials or spare parts. 
Activities performed in the transportation network will 
include for instance the intraplant transportation of raw 
material, semi-finished or finished goods or line haul 
transportation. (10, p. 62) 

Another interesting way of explaining a logistic system 
is to look at its parts as being either determiners . com - 
ponents . or inteerators . Determiners are thought of as 
elements outside the system which must be accepted and 
dealt with in order to operate the system. These elements 
will include suppliers, customers and carriers. To call 
elements like the above determiners is appropriate, because 
to a great extent they determine what a logistic system 
can accomplish. By their very nature, being more or less 
outside the control of the logistic manager, the logistic 
system often has to adjust to them. This would especially 
be the case when dealing with customers. 
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Components are the physical elements of which a logistic 
system is built and include buildings, people, machines and 
departments which have been arranged according to a design. 

The components are essentially the firms own creation. They 
can be controlled, rearranged and redesigned for the purpose 
of improved efficiency of the company. 

Integrators are the intangible factors which tie the 
components of a logistic system together. They are essen- 
tially the management activities and techniques which 
monitor the system and make it work. Integrators, like 
the components of the system, are controllable by the firm. 

In operating an efficient logistical flow, the logistician 
must be willing to take responsibility for the performance 
and actions by all components involved in spite of the limited 
authority and control he has over many of them. It is also 
important to be aware of the fact that a logistic system has 
a strong tendency to cohere, that is, a change in any part 
of the system causes a change in, or has an influence on, 
the entire system. Thus, an action by a supplier, a customer 
or a carrier could affect the entire logistic operation. 

This implies that the logistician's task has to be a dynamic 
one, which must be continually performed to keep the system 
working smoothly. (10, pp. 63-64) 
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D. THE ACTIVITIES OF A LOGISTIC SYSTEM 



No universal agreement has yet been reached upon which 
elements to include in a theoretical presentation of a 
logistic system. It is also doubtful whether agreement ever 
will be reached because it will vary, all depending on the 
circumstances and the kind of business within which the 
logistic system is set up to function. For the purpose of 
this presentation, a typical manufacturing organization will 
be used as a framework. Figure III-3 shows one possible way 
of viewing the logistic flow in such a firm. As can be seen 
from the figure, basically two sorts of goods are involved 
in the total logistic chain; raw materials flowing into the 
production area and finished products flowing out. The 
following is a short description of the individual activities/ 
functions to be found in such an organization. 

1. Production Scheduling and Control . Production 
scheduling requires decision as to when goods should be pro- 
duced and in what quantity. This will mean that logistics 
will have to inform production when certain types of goods 
will have to be produced and the quantity necessary, based 
upon sales forecasts and inventory levels of the various 
products. The corresponding need for raw materials must 
also be kept track of and requisitions issued to purchasing. 
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Figure III-3. Logistics Flow in a Manufacturing Organization. (10, 



2. Purchasing . The reason why one would include pur- 
chasing in logistics is the relationship that exists between 
transportation and the amount and geographic location of raw 
materials and parts which are purchased for the production 
need of the company. The way purchasing is performed has 

an important impact on both transportation and inventory 
costs. In addition, the purchased raw materials are of a 
vital importance in supporting the manufacturing capability 
of the company. 

3. Traffic. This department determines methods for 
movement and provides transportation for purchased parts 
and raw materials. It also arranges for release and trans- 
portation of finished products to the customers. 

4. Storage . This function is closely related to trans- 
portation and is often divided into: a) Inventory Manage- 

ment, and b) Warehousing. There is a relationship between 
the selected mean of transportation and the level of inven- 
tory required in one or more warehouses. It is important for 
the logistic manager to realize the trade-off that can be 
made between the mean of transportation used, and the number 
of warehouses and level of inventory stored therein. Total 
costs may be reduced by increasing transportation costs for 
the purpose of reducing costs in inventory and warehousing. 
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If this cost reduction is greater than increased transpor- 
tation cost, total costs will be reduced. 

5. Materials Handling . Materials handling is important 
to the efficient operation of a warehouse. It involves the 
movement of goods into the warehouse and their placement 
therein, the movement of finished goods from storage or 
order picking area and eventually out of the warehouse to 

be loaded for transportation to the customer. 

6. Industrial Packing . The type of transportation 
selected has an important impact on packing requirements. 
Trade-offs should be considered between packing and means 
of transportation. Because of the close relationship 
between packing and transportation, it may be argued that 
packing should be part of the logistician's responsibility. 

7. Sales Forecasting . Based on inputs from the market 
research division, the logistic manager may often have to 
do forecasting for inventory purposes. Sales forecasts 
received from marketing are not always suitable for logistic 
purposes and may need recasting. Recasting may also have to 
be made to find out specific geographic requirements. The 
logistician must therefore know the various forecasting 
techniques available. 

8. Order Processing . Order processing includes those 
activities involved in filling a customer's order. If we 



21 



look at logistics in a time perspective, one of the impor- 
tant factors is the time elapsed between the customer's 
purchase decision being made and the delivery of the goods. 
The time used on the communication surrounding the routines 
established to process an order is often significant com- 
pared to the time used for the actual transportation of the 
goods. The firm can make a trade-off between the established 
system for order processing and the means of transportation 
selected. By making order processing a part of logistics, 
possible improvements can easily be examined. These improve- 
ments may require additional expenses, but allow the firm 
to reduce transportation costs by not having to use a 
premium means of transportation. 

Which of the elements listed above to include in a given 
logistic system and make their function the responsibility 
of the logistic manager, will depend on the characteristics 
and environment of the firm in question. No matter what 
kind of logistic organization a company may establish, an 
important task will be to make all the elements work together 
as a whole, without any department trying to suboptimize its 
own position. By placing all activities listed above under 
the management of one capable executive, the logistic func- 
tion can be optimized without adversely affecting other 
departments, for instance production. If, in addition, the 
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logistic system is staffed with skilled people, the logistic 
manager will be in a position to make the system respond to 
the company's goals and objectives. 

E. THE ORDER AND REPLENISHMENT CYCLES 

Before starting to discuss the management of some of 
the major areas within the logistic system, it will be use- 
ful to include an overview of the order and replenishment 
cycle. 

The total order cycle represents the elapsed time from 
an order being placed to the merchandise receipt and includes 
communication, order processing and transportation. 

A logistic system also represents one or more replenish- 
ment cycles, depending on the number of levels at which 
inventories are held. The order and replenishment cycles 
are interdependent; that is, the time elapsed in the order 
cycle depends on whether the replenishment cycle is activated 
or not. In Figure III-4, a typical two-stage distribution 
system is shown. (A two-stage system implies the existence 
of one order cycle and one replenishment cycle) . 

1. The Order Cycle 

(1)* The order cycle starts at the customer with 
the identification of need for an item. The time involved 

*Refer to numbers in Figure III-4. 
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for this identification will vary, depending on the nature 
of the customer's inventory control system. The system may 
be manual or computerized, be updated on a real time, daily 
or maybe weekly basis. Consequently, the time lapse between 
the occurrence and identification of a need for an item may 
vary a great deal among different organizations, ranging 
from a few seconds to a week or more. 

(2) The next step involves accumulation of orders 
to meet economic order size requirements. (See section on 
inventory, its control and maintenance.) The delay involved 
may add up to a week or more to the order cycle time. 

(3) Order communication between customer and 
supplier may be achieved by a number of different means, 
like a supplier's salesman, direct mail, telephone or some 
other electronic method. There exist examples where the 
time required to transmit an order from a customer to his 
supplier represented 75% of the total order cycle time. 

(7, p. 240) In an effort to reduce this time, more emphasis 
should be placed on communication and order processing. 

(4) When an order is received at the supply point, 

a series of steps might be required, such as credit or credit 
limit check for the customer, inventory records updating, 
inquiry into the updated records or any other information 
processing ability necessary. As shown in Figure III-4, 
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these functions can be either centralized or decentralized. 
Decentralization will in most cases save some time required 
for communication. 

(5) If the items ordered are not in stock at the 
supply point, the following options may be available to the 
supplier. 

(a) Split the shipment by delivering what is 
available and back order the rest. 

(b) Hold the entire order until replenishment 
action is completed. 

(c) Order the items from other supply points, 
if available. 

(d) Purchase the out -of- stock items from other 



sources . 

(e) Cancel the order for items not in stock. 

Whenever stock replenishment is necessary, the time 
required may vary considerably, ranging from a few days in 
the case of transfer from another supply point up to several 
months in cases where production for replenishment must be 
scheduled weeks in advance. 

( 6) The order picking and packing may be carried 
out in a number of ways, with varying degrees of automation. 
The picking and packing time is influenced by: 

(a) degree of automation; 
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(b) complexity of orders; 

(c) size and complexity of distribution facili- 
ties from which orders are filled. The picking and packing 
operatings normally consume small amounts of the total order 
cycle time. (7, p. 242) 

(7) Transportation time varies in length with: 

(a) the size of shipment; 

(b) mode of transportation; 

(c) the transportation distance. 

(8) The order receipt is carried out by the customer, 
and the time consumed for this purpose is normally short. 
However, if the volume of receipts are great compared to 
normal workload, a delay in the order cycle may result. 

2 . The Replenishment Cycle 

Step number 5, above, stock replenishment, is a 
primary determinant of the order cycle time. Whether a 
replenishment in connection with a given order should be 
required or not is theoretically within the control of the 
supplier. Simply by keeping a sufficiently large stock at 
the supply point, delays caused by replenishment actions can 
be eliminated. However, this might turn out to be a costly 
approach, caused by high inventory holding costs. 
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(A) * Often, items for replenishment are shipped in car- 
load or truckload quantities, requiring items to be accumu- 
lated to meet minimum quantity requirements, with resulting 
time lags in the replenishment cycle. 

(B) Order placement and communication are often auto- 
mated for replenishment purposes and the time lag for this 
function is reduced to a minimum. However, updating of 
inventory, depending on the method used, may produce a certain 
delay in the cycle. 

(C-G) The time involved in these steps are mainly depen- 
dent on the established routines and may vary a great deal. 

If the procurement or production process has to be brought 
into the cycle, considerable time-lag may result. Normally, 
only the replenishment time will be affected; however, in a 
stock out situation it will have a direct effect on the 
order cycle time. 

(H) Determinants for the time involved in receiving are 
mainly labor, equipment and facility capacity. 

The time lag caused by various stages in the order and 
replenishment cycles will vary, with a resulting variation 
and uncertainty about the total order cycle time. In Figure 
III -5, the typical probability distribution for the time 



*Refer to letters used in Figure III-4. 
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Figure III-5. Frequency Distributions of Times Required to 

Complete the Stages in a Typical Order Cycle. 
(7, p. 246) 
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required to complete each stage of the order cycle is given. 
The number of days listed on the horizontal axes is based 
on general experience about each stage (7, p. 244), and the 
distributions are shown to give an idea of what they normally 
look like. As can be seen from the figure, the time involved 
in each stage can vary greatly and the most likely time can 
be read from each graph. 

When an order for an item is placed, stock on hand must 
be sufficient to cover customer’s demand during the order 
cycle time. The longer this time, the larger stock on hand 
is required when placing the order. In addition, there are 
also uncertainties about the actual demand for an item over 
a given period in the future, a fact which adds to the al- 
ready existing problem caused by uncertain lead time for an 
item. 

To be protected against these uncertainties, safety stocks 
are held. Safety stocks, of course, add to the inventory 
holding costs and are obtained by setting the reorder point 
at a higher level than would have been required under certain 
demand and cycle time. This topic will be further discussed 
in connection with inventory control and management. 
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F. MANAGING THE LOGISTIC ACTIVITIES 



Under the above heading, the following areas, considered 
to be of major importance to an efficient operation of a 
logistic system, will be covered; namely, materials handling 
and packaging, inventory and inventory control, warehousing 
and transportation. 

1. Material Handling and Packaging 

A major factor contributing to the internal effi- 
ciency of a warehouse operation is the set of activities 
generally called material handling. Another important 
factor contributing to this efficiency is packaging, 
a. Materials Handling 

Materials handling can be performed either by 
means of mechanical equipment or by manual methods. It can 
be defined as short distance movement of goods or material 
usually taking place within a building such as a plant or a 
warehouse, or between a building and a transportation agency. 
In a modem logistic system, this short distance movement is 
most often performed by means of highly specialized equipment, 
designed to do the work rapidly and efficiently. 

One of the basic features of an efficient materi- 
als handling system is that it provides for the usable 
capacity of the warehouse facility being as close to the 
theoretical maximum capacity as possible, for instance, by 
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use of handling equipment that allows utilization of prac- 
tically the entire height of warehouse building or narrow 
down-the-aisle space to the maximum extent possible without 
causing inefficient movement in the facility. 

Another indication of a well-designed and 
efficient materials handling system is that the number of 
times the same unit of commodity has to be handled is cut 
down to a minimum. When working to improve the logistic 
service of a firm, the materials handling activity should 
be given a close look. It plays an important role in getting 
goods to customers in time, in the right quantity and condi- 
tion. Also, when it comes to serving the company’s own 
plant, materials handling is an important function. It is 
therefore important that the logistic manager is constantly 
looking at his materials handling system, to make sure that 
it will respond quickly and efficiently to customers' orders 
and the requirements of a production schedule, 
b. Packaging 

Packaging, like materials handling, is of great 
importance to the logistic manager. The size, shape and 
type of packaging affect material handling, warehouse opera- 
tion and transportation of goods to the customer. Packaging 
is important for effective damage protection and must be 
designed to provide adequate protection to the product when 
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being stored or handled in the warehouse and during trans- 
portation. A package might drop from a conveyor or a truck, 
be hit by a forklift or simply be exposed to "normal" rough 
handling. Goods arriving to a customer in a damaged condi- 
tion are likely to have a negative effect on future sales. 

Packaging also provides information about what 

is inside the package and thus helps to identify the product. 

It is important from the logistic manager's point of view 

that goods be identified properly so that they can be located 

easily and correctly, assuring that the right product for 

an order is provided. Information about how the product 
4 • 

should be handled, transported and stored can also be printed 
on the package. In general, providing the required informa- 
tion correctly and easily to people who are going to deal 
with the goods is an important role of packaging. 

The packaging technology has advanced at a rapid 
rate in recent years. An example of this new technology is 
the use of newly developed packaging materials and utiliza- 
tion of the new technology within printing. 

Even though packaging technology has advanced 
in recent years, packaging still represents a considerable 
cost. For manufacturers of consumer goods, packaging costs 
represented 18.6% of gross sales in 1967, a decrease from 
27.9% in 1954. (7, p. 372) 
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In managing the packaging and packaging design, 
it is important to have a good understanding of the number 
of cost trade-offs and cross -functional relationships that 
exist. The wide variety of considerations that must be 
taken into account make packaging a complex area of management. 

Figure III -6 gives a condensed presentation of 
some of the important considerations to take into account 
when designing product packaging. The importance of each 
of these in a given situation will vary with such matters as 
the characteristics of a product, the market to which it is 
sold and the channels of distribution through which it is 
passed, as well as the cost and performance of various 
packaging alternatives. For the sake of completeness, the 
considerations listed include those also given by departments 
other than logistic. 

2. Inventory. Its Control and Maintenance 
a. Inventory - General Discussion 

The inventory carried by a production company 
can be classified into two basic kinds, physical supply and 
physical distribution inventory. The first category of 
inventory will basically be raw materials and the second 
finished products . 

(1) Raw Materials . Any given organization may 
have a variety of reasons for carrying inventories of raw 
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Does package shape offer the desired degree of 
strength? Does design take into account the latest 
material design? Does it minimize the materials per 
unit of product? Do packaging considerations 
warrant product redesign? 
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PURCHASING 



Does it conform with existing sizes & types? What 
opportunities does it provide for standardization? 
What are costs of alternative packaging materials & 
equipment? What provisions does it make for storing 
empty packages? What effect does it have on inbound 
transportation costs? 



PRODUCTION 



Is it adaptable to product size, shape & structure? 
What effect will its shape or size have on filling 
speed? What new type of equipment will it require? 



STORAGE 



s — * 



Does it have good stacking qualities in terms of 
strength, dimensions and surface properties? Does 
it require special storage hardware? 

MATERIALS HANDLING AND ORDER PICKING 

Can it be handled manually without physical strain? 
Does it give adequate protection, reflect number of 
handlings? Does it provide adequate marking for 
order picking? To what extent will it discourage 
pilferage? 



TRAFFIC - TRANSPORTATION 
Does it maximize the density of product in package 
form? Is it designed to obtain the most advanta- 
geous rate? Does it suggest a change in carrier 
method? Does it reflect dimension in carrier 
equipment? Does it provide adequate marking for 
shipping, handling in transit? 



MARKETING - CUSTOMER 

Does it conform to customer needs regarding resale, 
in terms of art, information, ease of display & 
access to content & size? Does it include special 
use instructions? Can it be disposed of easily? 

Do packing considerations warrant redesign for 
promotional campaigns? 

MARKETING - ULTIMATE CONSUMER 

Does its size, convenience & sociability in use 
reflect consumer needs? Does it include sufficient 
instructions regarding product use? Can it be 
disposed of or reused easily? Will it be acceptable 
from an environmental standpoint? 



Figure III -6. A Sampling of Important Considerations 

in Product Package Design 
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materials. However, basic to most companies' decisions 
regarding the holding of inventory, will be assumed or 
proven cost savings related to the established policy. 

One reason for a company to keep a stock 
of raw materials is the economies achieved by purchasing in 
large quantities. Suppliers often give quantity discounts 
for orders above certain quantities. Further, transportation 
costs may also be reduced. These costs usually represent a 
significant portion of the final cost of raw materials. A 
reduction in transportation rate, even a small one, can be 
of great importance, because the overall volume of raw 
materials transported, and the importance of transportation 
cost for final price of raw materials. 

Also bearing in mind that warehousing costs 
for raw materials are relatively low, they can even often 
be stored out in the open; total materials costs can be 
reduced through large volume movement, the reason being that 
inventory and warehousing costs may not increase as much as 
the reduction in transportation costs. Whenever the savings 
from buying in large quantities are greater than the added 
cost from holding the excess inventory, overall company 
economy will benefit from such action 

Another reason for carrying physical supply 
inventory would be to prevent a production line shutdown 



36 



caused by a delay in filling orders for raw materials. The 
safety stock level of raw materials will vary depending on 
the probability of events which might delay delivery, the 
overall volume of raw materials utilized and the cost of 
closing down and starting up production. The trade-off 
to be made in this case would be between the costs of 
holding a given safety stock and the costs related to a 
stock out. 

Raw materials of seasonal supply are often 
accumulated in inventory to obtain a balanced production. 
Agricultural products of various kinds may serve as an 
example. The trade-off would be between added costs of 
holding inventory and the lower costs of a balanced pro- 
duction. 

Physical supply inventory is sometimes held 
for speculative reasons. The desire to speculate may be 
based on a fear for future price increase or a discontinuance 
of supply. 

A final reason to be included is the desire 
to maintain supply sources which are needed during the peak 
demand season for the company's products, but not really 
required during periods of low demand. To maintain these 
sources and keep them operating on a regular basis, certain 
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quantities of raw materials are purchased also during the 
off season and put into the warehouse. 

Whatever the reasons for holding physical 
supply inventory might be, there are certain economies or 
cost reductions involved, which the companies must be 
trading off against the increased warehousing and inventory 
costs . 

(2) Finished Products . The first reason to be 
mentioned why companies carry physical distribution inventory 
is transportation economies achieved by shipping in larger 
quantities. Only by accumulating the production output in 
inventory over a period of time, can quantities large enough 
for economic shipments be obtained. As long as these cost 
savings caused by large shipments are greater than the 
added inventory holding costs, the firm will be better off 
by shipping in large quantities. 

A second reason why a firm may want to 
accumulate finished goods inventory is production economies. 
Unit cost of production can be reduced by producing in rela- 
tively long production runs, without stopping or changing 
to another of the company's products. However, such big 
production runs will often mean production in excess of and 
in advance of demand. As a result, the goods produced will 
have to be carried in inventory until depleted by demand 
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over time. Lower production costs will be traded off 
against increased costs by holding the excess productions 
in inventory. 

Companies having a seasonal demand for their 
products may not find it efficient to have production capa- 
city to meet the peak seasonal demand. The best policy 
might be to produce on a regular basis throughout the year 
in a somewhat smaller plant than otherwise would be needed. 
Production taking place during the low demand season would 
have to be inventoried for later sale during the high sale 
season. The economies obtained by having a balanced pro- 
duction and a stable work force must be traded off against 
the added inventory holding costs. 

Physical distribution inventory is also 
held to improve customer service and reduce the probability 
of costs because of lost sales. The trade-off would be 
between these reduced costs and the inventory costs. 

It should be noted that the various reasons 
mentioned above for carrying physical supply and physical 
distribution inventory may occur in a given firm in any 
combination. 

b. Inventory Control and Maintenance 

Two fundamental questions that must be answered 
in the context of inventory control and management are when 
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should an order be placed for an item and in what quantity 



should it be ordered. As a framework for discussing this, 
a simple system like the one shown in Figure III -7 below 
will be used. 
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Figure III-7. A Basic Inventory System. 



Customer orders are received at a stocking point 
and at appropriate times orders are placed with the supplier. 
The way such an inventory system is operated in terms of 
order quantities and order points is often referred to as 
"the system's operating doctrine." Costs of performing 
various functions within the system are major factors in 
determining what the doctrine in a given system will be. 

The costs to consider are only those that vary with a change 
in the operating doctrine. 

There are basically four categories of costs 
that may be of importance in determining order points and 
order quantities. These are: (1) the costs associated 

with procuring the unit stocked, (2) the costs of carrying 
the item in inventory, (3) the costs associated with demand 



40 



occurring when the system is out of stock, (4) the costs 
of operating the data gathering and control procedures for 
the inventory system. Each of those four types of costs 
will be discussed briefly in the following. 

(1) Order Costs . These are costs that are 
incurred as a result of placing an order for an item. They 
are considered to be fixed, regardless of order size, but 
may vary considerably from one inventory system to another. 
In a situation where production of an item is not involved 
in connection with an order, the order cost would typically 
be composed of costs for the following types of operations: 

(1) review of the inventory level, (2) preparing and pro- 
cessing the purchase request, (3) selection of supplier, 

(4) preparing and processing the purchase order, (5) pre- 
paring and processing receiving reports, (6) inspecting 
the goods received, (7) posting the receipts on stock 
records, (8) preparing and processing payments. 

When an order for goods necessitates a pro- 
duction line to be set up, the following costs will have 
to be added: (1) review the stock of raw materials, 

(2) preparing and processing work orders and materials 
requisitions, (3) removing excess materials from production 
line, (4) assembling the new materials required for the 
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different production run, (5) repositioning and instructing 
labor, (6) expected delay before smooth operation begins. 

As mentioned earlier, order costs are con- 
sidered fixed regardless of order size.. As the order size 
increases, the number of orders per unit of time will de- 
crease, and so will total order costs for the same time 
interval. 

(2) Inventory Carrying Costs . These costs in- 
clude all the costs necessary to hold a given quantity of 
goods available in inventory. They include costs of insur- 
ance, taxes, warehouse rental, and breakage and pilferage 
at the storage site. Inventory carrying costs also include 
costs of operation such as heat, lights, night watchman, 
etc., and costs caused by depreciation and obsolescence, 
an example being fresh fruits and vegetables, which will 
depreciate in value or become obsolete when stored. The 
final component of inventory carrying costs to be included 
is classified as opportunity costs. These costs represent 
a significant part of total carrying costs and are incurred 
by having capital tied up in inventory rather than having it 
invested elsewhere. Opportunity costs will be equal to the 
highest rate of return which the system could obtain from 
alternative investment. By having funds invested in 
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inventory, this rate of return is foregone, and hence 
represents a cost of carrying inventory. 

Although it might be simplifying assumptions 
for parts of the cost components mentioned above, for the 
purpose of deciding on an operating doctrine, inventory 
carrying costs are considered to be varying proportionally 
to the value of the goods kept in inventory, and are 
normally calculated as a percentage per dollar invested. 

(3) Stockout Costs . These are the costs of 
not having an item available when it is needed. If this 
item is some raw material needed for production, a stockout 
would mean shutting down a production line or some part of 
a productuin process. The opportunity loss from such a 
shutdown may be considerable and should be compared to 
the costs of holding sufficient inventory. 

In a physical distribution environment, the 
result of a stockout can either be a back order or a lost 
sale. Back order costs are difficult to measure, since 
they may include such things as loss of customer's good- 
will; he may in the future take his business elsewhere. 

Other costs which are easier to measure but less significant 
would include all the extra costs incurred by using a 
special established back order procedure. 
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Also, when the stockout results in a lost 
sale, a number of different costs are involved. In addi- 
tion to a loss of profit caused by the lost sale, the most 
important component here will probably be costs related to 
lost goodwill. The customer may temporarily or permanently 
take his business elsewhere and may even discourage poten- 
tial customers by telling them about the unsatisfactory 
service. In addition, costs will also include any special 
procedure used to inform a customer that his demand cannot 
be met. 

(4) Costs of Operating the Information Processing 
System . In order to use any operating doctrine, an inven- 
tory system must gather all the information required. The 
costs may include costs of having a computer continuously 
to update the inventory records, the costs of having physical 
inventory counts, or the costs of making demand predictions. 

The task of performing inventory control 
and management will differ depending on the kind of organi- 
zation and inventory system used. For the purpose of presen- 
tation, it is useful to consider two basic types of situations 
in which to operate an inventory system, namely, inventory 
management under certainty and under uncertainty. 
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c. Inventory Management Under Certainty 

Determining an inventory operating doctrine 
under conditions of certainty is a relatively simple task. 
Certainty implies that one know exactly the amounts of 
products that will be demanded each time period, exactly 
the required time to schedule and accomplish new production 
and exactly the time required to replenish the inventory 
of some purchased product. Stockout costs will not have 
to be worried about, because stockouts will simply not 
occur. 

In determining the quantity to order of an item, 
there are two major costs to be considered and traded off 
against each other. These are the costs of placing an 
order and the costs of carrying inventory. If we increase 
the order size, the average inventory on hand will also in- 
crease. Assuming a constant rate of demand, average inven- 
tory on hand is computed by dividing order quantity, Q, by 
two (^-) . Reference Figure III-8. The result will be higher 
inventory carrying costs. On the other hand, the more we 
order each time, the fewer orders we will have to make in 
order to procure a given quantity of commodity. This rela- 
tionship implies that the costs of carrying and ordering 
inventory vary inversely. This is shown graphically in 
Figure III-9. We can see that the optimal number of orders 



45 



UNITS 




Figure III-8. The Effect of Order Quantity on Average 

Inventory on Hand Assuming a Constant Demand 
Rate. 
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Figure III-9. Inventory Ordering Cost, Carrying Cost and 

Total Cost for Various Operating Doctrines. 



46 



will be about 24. We can also see when the number of orders 
per year increase, holding cost goes down and ordering cost 
increases . 



The total costs of operating an inventory system 
like the one described can be expressed by the following 
formula: 




where: 



C = total inventory management costs; 

Q = the quantity ordered; 

v = average cost or value per unit of the product; 

r = annual inventory carrying charge as a per cent of 
product value; 

A = ordering or set up cost; 

S = the annual demand or usage of the product. 



In the formula, the term SZE. is simply a way of stating 
annual inventory carrying cost. Q. is average inventory 
level, ^ represents the value of this average level and 
and multiplied by the rate r, we get annual carrying cost. 



AC 

The term ^ is an expression for annual ordering cost. 

^ represents total number of orders a year, and multiplied 
by A, the cost to place each order, we get total yearly 
order cost. 
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By setting C equal to a minimum value (zero) , 
take the first derivative of the cost equation with respect 
to Q and then solving for Q we obtain: 

Q* = 2AS 

Nrv 

(Q* means the optimum value of Q.) 

The above formula is referred to as the Economic Order Quan- 
tity formula (EOQ) . The assumptions made when using the 
formula include no economy of scale, known demand and order 
cycle time, constant commodity price and no inventory in 
transit. While the conditions stated never prevail completely 
in practical life, there are situations where the model is 
very useful. It also serves as an excellent starting point 
for developing more refined models. 

Once the economic order quantity is calculated, 
the order point is easy to find. This will simply be the 
minimum amount needed in stock for sales during the order 
cycle time. We order the shipment to arrive in stock some- 
time after the last unit in stock has been sold but before 
customer demand occurs for the next unit. 

d. Inventory Management Under Uncertainty 

The situation described in the previous section 
where certainty prevailed, will not be the normal operating 
circumstances for most organizations. Typically, we will 
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not know what the demand for a product will be since cus- 
tomers purchase products somewhat sporadically. The usage 
rate of many items will vary, depending on a variety of 
real or presumed needs, etc. 

In addition, there are factors that can cause 
variations in the time required for the order and replenish- 
ment cycles. For instance, the transportation transit time 
may vary, so also the time it takes to process an order and 
transmit it to the supplier. If an item has to be produced 
before delivery can take place, variations in production 
time adds to demand uncertainty during the order cycle. This 
uncertainty opens up the possibilities for stockouts and 
stockout costs will have to be introduced into the inventory 
model. The cost trade-off will now be the inventory holding 
and ordering costs vs. stockout costs. These costs, their 
causes and trade-offs are presented in Figure III-10. 

All we know in this uncertain environment is the 
probability distribution of the demand during the order cycle, 
not the actual demand. When we decide on an order point, 
there will be some probability that a stockout will occur, 
with resulting expected costs. Figure III-ll illustrates 
how inventory now will behave. An order of size Q is placed 
whenever the inventory reaches a level R. Because demand 
during lead time is uncertain, stockout sometimes occurs. 
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